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(57) ABSTRACT 

An apparatus for promoting granulation and epithelialisation 
at a tissue site having a Substantially gas impermeable, flex 
ible mat. A plurality of projections extend from a surface of 
the Substantially gas impermeable, flexible mat, and each 
projection has a first end connected to the Surface and a 
second end opposing the first end. A flexible membrane is 
positioned adjacent the second end of at least a portion of the 
plurality of projections and the flexible membrane is suffi 
ciently flexible to allow deformation of the flexible mem 
brane by the at least the portion of the plurality of projections 
when a biasing force exerted on the Substantially gas imper 
meable, flexible mat or the plurality of projections is greater 
than or equal to a threshold force. 
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WOUND HEALINGAPPARATUS FOR 
PROMOTING GRANULATION AND 

EPTHELLALSATION AT ATISSUE SITE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/420,678, filed Dec. 7, 2010, which 
is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates generally to reduced 
pressure treatment systems and more particularly to a wound 
healing apparatus for promoting granulation and epitheliali 
sation at a tissue site. 
0004 2. Description of Related Art 
0005 Clinical studies and practice have shown that pro 
viding a reduced pressure in proximity to a tissue site aug 
ments and accelerates the growth of new tissue at the tissue 
site. The applications of this phenomenon are numerous, but 
one particular application of reduced pressure involves treat 
ing wounds. This treatment (frequently referred to in the 
medical community as “negative pressure wound therapy.” 
“reduced pressure therapy,” or “vacuum therapy') provides a 
number of benefits, including migration of epithelial and 
Subcutaneous tissues, improved blood flow, and micro-defor 
mation of tissue at the wound site. Together these benefits 
result in increased development of granulation tissue and 
faster healing times. Typically, reduced pressure is applied by 
a reduced pressure source to tissue through a porous pad or 
other manifold device. The porous pad contains cells orpores 
that are capable of distributing reduced pressure to the tissue 
and channeling fluids that are drawn from the tissue. The 
porous pad often is incorporated into a dressing having other 
components that facilitate treatment. 

SUMMARY 

0006. The problems presented by existing reduced pres 
Sure systems and wound healing pads are solved by the sys 
tems and methods of the illustrative embodiments described 
herein. An apparatus for promoting granulation and epithe 
lialisation at a tissue site includes a Substantially gas imper 
meable, flexible mat. A plurality of projections extend from a 
Surface of the Substantially gas impermeable, flexible mat, 
and each projection has a first end connected to the Surface 
and a second end opposing the first end. A flexible membrane 
is positioned adjacent the second end of at least a portion of 
the plurality of projections and the flexible membrane is 
sufficiently flexible to allow deformation of the flexible mem 
brane by the at least a portion of the plurality of projections 
when a biasing force exerted on the Substantially gas imper 
meable, flexible mat or the plurality of projections is greater 
than or equal to a threshold force. 
0007. In another embodiment, an apparatus for promoting 
granulation and epithelialisation at a tissue site includes a 
hollow mat having an inner chamber and a plurality of 
recesses disposed in proximity to a first surface of the hollow 
mat. An extendable projection is positioned within each 
recess and configured to extend from the recess when a pres 
Sure (p) within the inner chamber is greater than a pressure 
(p) in the recess. 

Jun. 7, 2012 

0008. In still another embodiment, an apparatus for pro 
moting granulation and epithelialisation at a wound includes 
a porous pad having a first compressibility. A plurality of 
granulation promoters are embedded within the porous pad 
and have a second compressibility less than the first com 
pressibility of the porous pad. The granulation promoters are 
positioned near a surface of the porous pad. A biasing force 
applied to the porous pad or granulation promoters that is 
greater than or equal to a threshold amount causes the granu 
lation promoters to extend from the porous pad or alters the 
Surface of the porous pad to promote granulation. 
0009. In yet still another embodiment, an apparatus for 
promoting granulation and epithelialisation of a tissue site 
includes a porous, reticulated foam having a tissue-contacting 
Surface that is Sufficiently rough to promote granulation. A 
hydrogel-forming material is disposed in at least a portion of 
the porous, reticulated foam such that the introduction of a 
liquid into the porous pad causes the hydrogel-forming mate 
rial to moisten and expand, thereby altering the tissue-con 
tacting Surface to be sufficiently smooth to promote epithe 
lialisation. 

0010. In another embodiment, a reduced pressure treat 
ment system for administering reduced pressure treatment to 
a tissue site includes a reduced pressure source and a manifold 
in fluid communication with the reduced pressure source to 
provide a reduced pressure to the tissue site. The manifold has 
a tissue-contacting Surface in contact with the tissue site, and 
the tissue-contacting surface has a granulation configuration 
and an epithelialisation configuration Such that at least one of 
the granulation configurations and the epithelialisation con 
figurations is activated by an activation stimulus. 
0011. In still another embodiment, a reduced pressure 
treatment system for administering reduced pressure treat 
ment to a tissue site includes a reduced pressure source and an 
apparatus fluidly coupled to the reduced pressure source and 
positioned at the tissue site. The apparatus includes a Substan 
tially gas impermeable, flexible mat. A plurality of projec 
tions extend from a Surface of the Substantially gas imperme 
able, flexible mat, and each projection has a first end 
connected to the Surface and a second end opposing the first 
end. A flexible membrane is positioned adjacent the second 
end of at least a portion of the plurality of projections and the 
flexible membrane is sufficiently flexible to allow deforma 
tion of the flexible membrane by the at least a portion of the 
plurality of projections when a biasing force exerted on the 
substantially gas impermeable, flexible mat or the plurality of 
projections is greater than or equal to a threshold force. A 
drape formed of substantially impermeable material covers 
the apparatus and the tissue site to Substantially maintain the 
reduced pressure at the tissue site. 
0012. In another embodiment, a reduced pressure treat 
ment system for administering reduced pressure treatment to 
a tissue site includes a reduced pressure source and an appa 
ratus fluidly coupled to the reduced pressure source and posi 
tioned at the tissue site. The apparatus includes a hollow mat 
having an inner chamber and a plurality of recesses disposed 
in proximity to a first surface of the hollow mat. An extend 
able projection is positioned within each recess and config 
ured to extend from the recess when a pressure (p) within the 
inner chamber is greater than a pressure (p) in the recess. A 
drape formed of substantially impermeable material covers 
the apparatus and the tissue site to Substantially maintain the 
reduced pressure at the tissue site. 
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0013. In yet still another embodiment, a reduced pressure 
treatment system for administering reduced pressure treat 
ment to a tissue site includes a reduced pressure source and an 
apparatus fluidly coupled to the reduced pressure source and 
positioned at the tissue site. The apparatus includes a porous 
pad having a first compressibility. A plurality of granulation 
promoters are embedded within the porous pad and have a 
second compressibility less than the first compressibility of 
the porous pad. The granulation promoters are positioned 
near a surface of the porous pad. A biasing force applied to the 
porous pad or granulation promoters that is greater than or 
equal to a threshold amount causes the granulation promoters 
to extend from the porous pad or alters the surface of the 
porous pad to promote granulation. A drape formed of Sub 
stantially impermeable material covers the apparatus and the 
tissue site to Substantially maintain the reduced pressure at 
the tissue site. 

0014. In another embodiment, a reduced pressure treat 
ment system for administering reduced pressure treatment to 
a tissue site includes a reduced pressure source and an appa 
ratus fluidly coupled to the reduced pressure source and posi 
tioned at the tissue site. The apparatus includes a porous, 
reticulated foam having a tissue-contacting Surface that is 
Sufficiently rough to promote granulation. A hydrogel-form 
ing material is disposed in at least a portion of the porous, 
reticulated foam such that the introduction of a liquid into the 
porous pad causes the hydrogel-forming material to moisten 
and expand, thereby altering the tissue-contacting Surface to 
be sufficiently smooth to promote epithelialisation. A drape 
formed of substantially impermeable material covers the 
apparatus and the tissue site to Substantially maintain the 
reduced pressure at the tissue site. 
0015. In still another embodiment, a reduced pressure 
treatment system having a reduced pressure source and a 
manifold may be paired with any of the apparatuses described 
herein. 

0016. In another embodiment, a method for selectively 
promoting granulation and epithelialisation of a tissue site 
includes positioning a pad having a tissue-contacting Surface 
at the tissue site. Reduced pressure is applied to the tissue site 
when the tissue-contacting Surface is in a first configuration to 
promote granulation. The first configuration of the tissue 
contacting Surface is changed to a second configuration. A 
reduced pressure is applied to the tissue site when the tissue 
contacting Surface is in the second configuration to promote 
epithelialisation. 
0017. Other objects, features, and advantages of the illus 

trative embodiments will become apparent with reference to 
the drawings and detailed description that follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 illustrates a perspective view with a portion 
shown in cross-section of a reduced pressure treatment sys 
tem for administering reduced pressure treatment to a tissue 
site according to an illustrative embodiment; 
0.019 FIG. 2A illustrates a cross-sectional view of an illus 

trative, non-limiting embodiment of a wound healing appa 
ratus of the reduced pressure treatment system of FIG. 1 in a 
state for promoting epithelialisation; 
0020 FIG. 2B illustrates a cross-sectional view of the 
wound healing apparatus of FIG. 2A in a state for promoting 
granulation; 
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0021 FIG. 3 illustrates a cross-sectional view of another 
illustrative, non-limiting embodiment of a wound healing 
apparatus; 
0022 FIG. 4A illustrates a cross-sectional view of another 
illustrative, non-limiting embodiment of a wound healing 
apparatus in a state for promoting epithelialisation; 
0023 FIG. 4B illustrates a cross-sectional view of the 
wound healing apparatus of FIG. 4A in a state for promoting 
granulation; 
0024 FIG. 4C illustrates a cross-sectional view of another 
illustrative, non-limiting embodiment of the wound healing 
apparatus of FIG. 4A: 
0025 FIG. 4D illustrates a cross-sectional view of another 
illustrative, non-limiting embodiment of the wound healing 
apparatus of FIG. 4A: 
0026 FIG. 4E illustrates a cross-sectional view of another 
illustrative, non-limiting embodiment of the wound healing 
apparatus of FIG. 4A: 
0027 FIG.5A illustrates a cross-sectional view of another 
illustrative, non-limiting embodiment of a wound healing 
apparatus in a state for promoting epithelialisation; 
0028 FIG. 5B illustrates a cross-sectional view of the 
wound healing apparatus of FIG. 5A in a state for promoting 
granulation; 
0029 FIG. 6A illustrates a cross-sectional view of another 
illustrative, non-limiting embodiment of a wound healing 
apparatus in a state for promoting epithelialisation; 
0030 FIG. 6B illustrates a cross-sectional view of the 
wound healing apparatus of FIG. 6A in a state for promoting 
granulation; 
0031 FIG. 7A illustrates a cross-sectional view of another 
illustrative, non-limiting embodiment of a wound healing 
apparatus in a state for promoting epithelialisation; 
0032 FIG. 7B illustrates a cross-sectional view of the 
wound healing apparatus of FIG. 7A in a state for promoting 
granulation; 
0033 FIG. 8A illustrates a cross-sectional view of another 
illustrative, non-limiting embodiment of a wound healing 
apparatus in a state for promoting epithelialisation; 
0034 FIG. 8B illustrates a cross-sectional view of the 
wound healing apparatus of FIG. 8A in a state for promoting 
granulation; 
0035 FIG.9A illustrates a cross-sectional view of another 
illustrative, non-limiting embodiment of a wound healing 
apparatus with a hydrogel in an unexpanded State; and 
0036 FIG. 9B illustrates a cross-sectional view of the 
wound healing apparatus of FIG. 9A with the hydrogel in an 
expanded State. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0037. In the following detailed description of several illus 
trative embodiments, reference is made to the accompanying 
drawings that form a part hereof, and in which is shown by 
way of illustration specific preferred embodiments in which 
the invention may be practiced. These embodiments are 
described in sufficient detail to enable those skilled in the art 
to practice the invention, and it is understood that other 
embodiments may be utilized and that logical structural, 
mechanical, electrical, and chemical changes may be made 
without departing from the spirit or scope of the invention. To 
avoid detail not necessary to enable those skilled in the art to 
practice the embodiments described herein, the description 
may omit certain information known to those skilled in the 
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art. The following detailed description is, therefore, not to be 
taken in a limiting sense, and the scope of the illustrative 
embodiments are defined only by the appended claims. 
Unless otherwise indicated, as used herein, “or” does not 
require mutual exclusivity. 
0038. The term “reduced pressure' as used herein gener 
ally refers to a pressure less than the ambient pressure at a 
tissue site that is being Subjected to treatment. In most cases, 
this reduced pressure will be less than the atmospheric pres 
sure at which the patient is located. Alternatively, the reduced 
pressure may be less than a hydrostatic pressure associated 
with tissue at the tissue site. Although the terms “vacuum 
and “negative pressure' may be used to describe the pressure 
applied to the tissue site, the actual pressure reduction applied 
to the tissue site may be significantly less than the pressure 
reduction normally associated with a complete vacuum. 
Reduced pressure may initially generate fluid flow in the area 
of the tissue site. As the hydrostatic pressure around the tissue 
site approaches the desired reduced pressure, the flow may 
Subside, and the reduced pressure is then maintained. Unless 
otherwise indicated, values of pressure stated herein are 
gauge pressures. Similarly, references to increases in reduced 
pressure typically refer to a decrease in absolute pressure, 
while decreases in reduced pressure typically refer to an 
increase in absolute pressure. 
0039 Referring to FIG. 1, an illustrative embodiment of a 
reduced pressure treatment system 100 for treating a tissue 
site 101 on a patient with reduced pressure includes a dressing 
102 placed proximate to the tissue site 101 and a reduced 
pressure treatment device 104 fluidly coupled to the dressing 
102. The dressing 102 includes a wound healing apparatus 
106 for promoting both granulation and epithelialisation of 
the tissue site 101. As used herein, the term “tissue site' may 
refer to a wound, such as a wound 105, or defect located on or 
within any tissue, including but not limited to, bone tissue, 
adipose tissue, muscle tissue, neural tissue, dermal tissue, 
vascular tissue, connective tissue, cartilage, tendons, or liga 
ments. The term “tissue site' may further refer to areas of any 
tissue that are not necessarily wounded or defective, but are 
instead areas in which it is desired to add or promote the 
growth of additional tissue. For example, reduced pressure 
tissue treatment may be used in certain tissue areas to grow 
additional tissue that may be harvested and transplanted to 
another tissue location. 

0040. The wound healing apparatus 106 may be a mani 
fold or fluidly connected to a manifold. The term “manifold' 
as used herein generally refers to a substance or structure that 
is provided to assist in applying reduced pressure to, deliver 
ing fluids to, or removing fluids from the tissue site 101. The 
manifold typically includes a plurality of flow channels or 
pathways that distribute fluids provided to and removed from 
the tissue site around the manifold. In one illustrative embodi 
ment, the flow channels or pathways are interconnected to 
improve distribution of fluids provided or removed from the 
tissue site 101. Examples of manifolds may include, for 
example, without limitation, devices that have structural ele 
ments arranged to form flow channels, such as, for example, 
cellular foam, open-cell foam, porous tissue collections, liq 
uids, gels, and foams that include, or cure to include, flow 
channels. In one embodiment, the wound healing apparatus 
106 includes a porous foam and having a plurality of inter 
connected cells orpores that act as flow channels. The porous 
foam may be a polyurethane, open-cell, reticulated foam Such 
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as GranuFoam R) material manufactured by Kinetic Concepts, 
Incorporated of San Antonio, Tex. Other embodiments may 
include “closed cells.” 

0041. The dressing 102 further includes a reduced pres 
sure interface 108 fluidly coupled to the wound healing appa 
ratus 106 and a drape 110. In one embodiment, a manifold 
(not shown) is positioned between the reduced pressure inter 
face 108 and the wound healingapparatus 106 for distributing 
pressure or facilitating fluid communication between the 
reduced pressure interface 108 and the wound healing appa 
ratus 106. The drape 110, or cover, may be placed over the 
wound healing apparatus 106 and a portion of a patient's 
epidermis 103 to create a fluid seal between the drape 110 and 
the epidermis 103. The drape 110 may include an adhesive 
109 or bonding agent to secure the drape 110 to the epidermis 
103. In one embodiment, the adhesive 109 may be used to 
create a seal between the drape 110 and the epidermis 103 to 
prevent leakage of reduced pressure from the tissue site 101. 
In another embodiment, a seal layer (not shown) such as, for 
example, a hydrogel or other material may be disposed 
between the drape 110 and the epidermis 103 to augment or 
substitute for the sealing properties of the adhesive 109. As 
used herein, “fluid Seal” means a seal adequate to maintain 
reduced pressure at a desired site given the particular reduced 
pressure source involved. 
0042. The reduced pressure interface 108 may be posi 
tioned adjacent to or coupled to the drape 110 to provide fluid 
access to the wound healingapparatus 106. The drape 110 has 
an aperture 113 for providing fluid access to the reduced 
pressure interface 108. In one embodiment, the drape 110 is 
placed over the reduced pressure interface 108 and a portion 
of the patient's epidermis 103 to create a fluid seal between 
the drape 110 and the epidermis 103. A reduced pressure 
delivery conduit 112 fluidly couples the reduced pressure 
treatment device 104 and the reduced pressure interface 108. 
The reduced pressure interface 108 allows the reduced pres 
sure to be delivered to the tissue site 101. While the amount 
and nature of reduced pressure applied to the tissue site 101 
will typically vary according to the application, in one 
embodiment, the reduced pressure treatment device 104 may 
provide reduced pressures between about 0 mm Hg and about 
-500 mm Hg and more specifically between about -125mm 
Hg and about -300 mm Hg for promoting granulation, and 
between about 0 mm Hg and about -125 mm Hg for promot 
ing epithelialisation. 
0043. The reduced pressure treatment device 104 may 
include a collection canister 114 in fluid communication with 
a reduced pressure source 116. The reduced pressure delivery 
conduit 112 may be a multi-lumen tube that provides a con 
tinuous conduit between the reduced pressure interface 108 
and an inlet 119 positioned on the collection canister 114. 
Liquids or exudates communicated from the wound healing 
apparatus 106 through the reduced pressure delivery conduit 
112 are removed from the reduced pressure delivery conduit 
112 and retained within the collection canister 114. 

0044. In the embodiment illustrated in FIG. 1, the reduced 
pressure source 116 is an electrically-driven vacuum pump. 
In another implementation, the reduced pressure source 116 
may instead be a manually-actuated or manually-charged 
pump that does not require electrical power. The reduced 
pressure source 116 instead may be any other type of reduced 
pressure pump, or alternatively a wall Suction port Such as 
those available in hospitals and other medical facilities. The 
reduced pressure source 116 may be housed within or used in 
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conjunction with the reduced pressure treatment device 104, 
which may also contain sensors, processing units, alarm indi 
cators, memory, databases, software, display units, and user 
interfaces 111 that further facilitate the application of reduced 
pressure treatment to the tissue site 101. In one example, 
pressure-detection sensors (not shown) may be disposedator 
near the reduced pressure source 116. The pressure-detection 
sensors may receive pressure data from the reduced pressure 
interface 108 via lumens in the reduced pressure delivery 
conduit 112 that are dedicated to delivering reduced pressure 
data to the pressure-detection sensors. The pressure-detection 
sensors may communicate with a processing unit that moni 
tors and controls the reduced pressure that is delivered by the 
reduced pressure source 116. 
0045 Referring now to FIGS. 2A and 2B, an illustrative 
embodiment of the wound healing apparatus 106 positioned 
proximate the tissue site 101 and covered with the drape 110 
is presented in more detail. The wound healing apparatus 106 
includes a plurality of projections 120 extending from a mat 
118. In one embodiment, the mat 118 may be substantially 
gas impermeable and flexible. The wound healing apparatus 
106 has a first configuration for promoting epithelialisation as 
shown in FIG. 2A and a second configuration for promoting 
granulation as shown in FIG. 2B. In the first configuration 
shown in FIG. 2A, a flexible membrane 130 covers the pro 
jections 120 and presents a substantially smooth surface to the 
tissue site 101. When the tissue site 101 is exposed to a 
Substantially smooth surface in the presence of reduced pres 
Sure, epithelialisation is encouraged. When reduced pressure 
and a more rough surface such as that shown in FIG. 2B is 
presented to the tissue site 101, granulation is encouraged. As 
illustrated in FIG. 2B, the projections 120 are capable of 
deforming the flexible membrane 130 to present a rougher 
surface to the tissue site 101. The rough surface presented by 
the projections 120 causes microstrains and microstresses to 
be applied to the tissue site 101, which increases granulation. 
0046. The substantially gas impermeable, flexible mat 118 
includes a plurality of channels 128 for allowing the passage 
of fluids through the mat 118 to or from the tissue site 101. 
The substantially gas impermeable, flexible mat 118 may, for 
example, be a polyurethane (PU), thermoplastic elastomer 
(TPE), or silicone elastomer material. The plurality of pro 
jections 120 extend from a surface 122 of the substantially gas 
impermeable, flexible mat 118 and may be in fluid commu 
nication with the substantially gas impermeable, flexible mat 
118. Each projection 120 has a first end 124 connected to the 
surface 122 of the substantially gas impermeable, flexible mat 
118 and a second end 126 opposing the first end 124. The first 
end 124 of each projection 120 may be bonded or similarly 
fixed to the surface 122. The plurality of projections 120 may 
be any shape or size; for example the plurality of projections 
120 may be spikes, rods, pins, tubes, or other protrusions, etc. 
The plurality of projections 120 may be made from a range of 
polymers such as a polyurethane (PU), thermoplastic elas 
tomer (TPE), or silicone elastomer material and may have a 
range of compressibility or hardness such as 10°-100'Shore 
A. Structurally, the plurality of projections 120 may be solid, 
perforated, hollow, etc., or any combination thereof. The con 
figuration of the plurality of projections 120 (the shape and 
structure) may enable the transmission of pressure and fluid 
through the plurality of projections 120 as well as modify the 
compressibility of the plurality of projections 120 depending 
on the material used. 
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0047. The second end 126 of at least a portion of the 
plurality of projections 120 may be covered by the flexible 
membrane 130. In one embodiment, the flexible membrane 
130 may be bonded to at least a portion of the plurality of 
projections 120 or similarly fixed. The flexible membrane 
130 is sufficiently flexible to be deformed by at least a portion 
of the plurality of projections 120 and may be an elastomeric 
material. "Elastomeric' means having the properties of an 
elastomer, and generally refers to a polymeric material that 
has rubber-like properties. More specifically, most elas 
tomers have elongation rates greater than 100% and a signifi 
cant amount of resilience. The resilience of a material refers 
to the material's ability to recover from an elastic deforma 
tion. Examples of elastomers may include, but are not limited 
to, natural rubbers, polyisoprene, styrene butadiene rubber, 
chloroprene rubber, polybutadiene, nitrile rubber, butyl rub 
ber, ethylene propylene rubber, ethylene propylene diene 
monomer, chlorosulfonated polyethylene, polysulfide rub 
ber, polyurethane, EVA film, co-polyester, thermoplastic 
elastomers, synthetic latexes, and silicones. The flexible 
membrane 130 may be hydrophilic or hydrophobic. 
0048. The flexible membrane 130 may be deformed by the 
plurality of projections 120 when a biasing force, or other 
activation stimulus, is exerted on the Substantially gas imper 
meable, flexible mat 118 and the biasing force is greater than 
or equal to a threshold force. In one embodiment, the flexible 
membrane 130 may be deformed by the plurality of projec 
tions 120 when the biasing force exerted on the plurality of 
projections 120 is greater than or equal to the threshold force. 
The deformation of the flexible membrane 130 may be in 
response to a combination of the biasing force exerted on the 
mat 118 or projections 120 and the force exerted by the tissue 
site on portions of the flexible membrane 130 between the 
projections 120. While the deformation of the flexible mem 
brane 130 may occur as described above when the biasing 
force equals or exceeds a threshold force, the deformation 
may occur more gradually over a range of forces. 
0049. The biasing force may be in the form of reduced 
pressure supplied from the reduced pressure source 116. As 
the reduced pressure beneath the drape 110 increases (i.e. the 
gauge pressure decreases), the drape 110 is pulled toward the 
tissue site, which exerts a biasing force on the flexible mat 118 
by the drape 110. In a specific, non-limiting embodiment, the 
amount of reduced pressure required for the biasing force to 
equal the threshold force may be about -125 mmHg. In other 
embodiments, the biasing force may be applied to the flexible 
mat 118 by a weight or any other force that is not generated by 
a reduction in pressure beneath the drape 110 but that pro 
motes either rough or Smooth Surfaces to encourage granula 
tion or epithelialisation. 
0050 Microperforations (not shown) or valves that 
expand or open under the influence of the biasing force may 
be present on the flexible membrane 130. In one embodiment, 
the microperforations are Small apertures that extend through 
the flexible membrane 130. The size of the microperforations 
is such that when the flexible membrane 130 is not expanded, 
the microperforations are essentially closed thereby not 
allowing the transmission of pressure and fluids through the 
flexible membrane 130. As the flexible membrane 130 
expands under the influence of the biasing force, the defor 
mation of the flexible membrane 130 by the plurality of 
projections 120 expands the microperforations, which allows 
for the transmission of pressure and fluids. Small valves may 
be either operably associated with the microperforations or 
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otherwise associated with the flexible membrane 130 to fur 
ther control the passage of pressure and fluids through the 
flexible membrane 130. In one embodiment, the microperfo 
rations may be positioned directly beneath each of the pro 
jections 120. In another embodiment, the microperforations 
may be positioned in the flexible membrane 130 between 
projections 120. A Sufficiently smooth surface for encourag 
ing ephithelialization is presented when the microperfora 
tions are closed or the flexible membrane 130 is in an unex 
panded State. In one embodiment, using the Verein Deutscher 
Ingenieure (VDI) (3400) standard scale, a sufficiently smooth 
Surface for promoting epithelialisation may have a Surface 
finish of VDI (3400)<30. In a specific, non-limiting embodi 
ment, the microperforations may be closed when the biasing 
force is at reduced pressure levels less than about -50 mmHg 
(i.e. at gauge pressures greater than about -50 mmHg). Pres 
sures in a range between about -50 mmHg and about -125 
mmHg may be sufficient to cause the microperforations to 
open and expand without causing the flexible membrane 130 
to deform. When the flexible membrane 130 is deformed by 
the plurality of projections 120, the microperforations may 
also expand to allow for the transmission of pressure and 
fluids. The deformation of the flexible membrane 130 pre 
sents a rough, porous Surface to the tissue site 101 for encour 
aging granulation. In one embodiment, a rough, porous Sur 
face may have a surface finish of VDI (3400)>30. 
0051. In operation, a health care provider may place the 
wound healing apparatus 106 proximate the tissue site 101 
and cover the wound healing apparatus 106 with the drape 
110 to create a fluid seal beneath the drape. In one embodi 
ment, a manifold may be placed between the drape 110 and 
the wound healing apparatus 106. The wound healing appa 
ratus 106 is then fluidly connected to the reduced pressure 
treatment device 104. Reduced pressure is supplied to the 
tissue site 101 via the wound healing apparatus 106. The 
health care provider may adjust the levels of reduced pressure 
Supplied depending on the type of treatment sought. In one 
embodiment, to promote granulation the health care provider 
may increase the reduced pressure to levels equal to or greater 
than about -125 mmHg thereby causing the flexible mem 
brane 130 to deform and presenta rough, porous surface to the 
tissue site 101. In the presence of this reduced pressure, the 
rough surface presented by the projections 120 of the wound 
healing apparatus 106 exerta force on the tissue site 101. This 
force creates microstrains and microstresses at the tissue site 
101, which promotes development of new granulation tissue. 
To promote epithelialisation, the heath care provider may 
decrease the reduced pressure to levels less than about -125 
mmHg. These reduced pressure levels allow the projections 
to essentially retract such that the projections 120 no longer 
deform the flexible membrane 130. The flexible membrane 
130 is therefore capable of presenting a smooth surface to the 
tissue site 101 which is more conducive to promoting epithe 
lialisation. In one embodiment, at reduced pressure levels 
between about -50 mm Hg and about -125 mm Hg, the 
flexible membrane 130 is relatively smooth, and yet the 
microperforations or valves associated with the flexible mem 
brane 130 are open, thereby allowing improved fluid removal. 
At reduced pressure levels less than about -50 mm Hg, the 
flexible membrane 130 remains smooth, and the microperfo 
rations or valves are substantially closed. Again, the Smooth 
Surface encourages epithelialisation, and the reduced pres 
sure aids in fluid removal, although not as much fluid as if the 
mircoperforations or valves were open. While specific pres 
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Sure values have been presented as an example, it should be 
recognized that the wound healing apparatus 106 could be 
configured to allow deformation of the flexible membrane 
130 at higher or lower pressures, thereby altering the reduced 
pressures required to promote either granulation or epithe 
lialisation. 

0052 Referring now primarily to FIG.3, but also to FIGS. 
1, 2A, and 2B, another illustrative embodiment of the wound 
healing apparatus 106 of FIGS. 1, 2A, and 2B is presented. In 
this embodiment, the wound healing apparatus 106 includes 
the substantially gas impermeable, flexible mat 118 and the 
plurality of projections 120 but not the flexible membrane 
130. The plurality of projections 120 may be constructed 
from bioabsorbable materials that do not have to be removed 
from a patient's body following use of the wound healing 
apparatus 106. Suitable bioabsorbable materials may include, 
without limitation, a polymeric blend of polylactic acid 
(PLA) and polyglycolic acid (PGA). The polymeric blend 
may also include without limitation polycarbonates, polyfu 
marates, and capralactones. Additionally, each of the plural 
ity of projections 120 may vary in shape, size, and structure 
relative to each other. 
0053. The presence of fluid may cause the plurality of 
projections 120 to dissolve. The fluid may be exudate or other 
fluids from the tissue site 101, or the fluid may be instilled into 
the tissue site 101 by a health care provider or a device 
associated with the reduced pressure treatment device 104 to 
accelerate dissolution of the plurality of projections 120. The 
fluid may be instilled into the tissue site 101 via the substan 
tially gas impermeable, flexible mat 118 or the plurality of 
projections 120. In one embodiment, hollow or perforated 
projections (not shown) may communicate fluid into the tis 
sue site 101. The plurality of projections 120 may include 
treatment agents such as growth factors, anti-bacterials, 
debriding agents, pro or anti-clogging agents, pain reducing 
agents, etc. that are released into the tissue site 101 as the 
plurality of projections 120 dissolve. 
0054. In operation, the wound healing apparatus 106 hav 
ing the plurality of bioabsorbable projections 120 may be 
placed proximate the tissue site 101, covered with the drape 
110, and fluidly connected to the reduced pressure source 116 
(FIG. 1) so as to receive reduced pressure. The placement of 
the plurality of projections 120 into the tissue site 101 pre 
sents a sufficiently rough surface to promote granulation. 
When the plurality of projections 120 dissolve in the presence 
of fluid, the substantially gas impermeable, flexible mat 118 
presents a sufficiently smooth surface to the tissue site 101 to 
promote epithelialisation. As previously stated, differing lev 
els of reduced pressure may be used depending on the type of 
treatment desired. 

0055 Referring now to FIGS. 4A and 4B, another illus 
trative embodiment of a wound healing apparatus 206 for use 
in a reduced pressure treatment system (e.g., the reduced 
pressure treatment system 100 of FIG. 1) is presented. As 
shown, the wound healing apparatus 206 is positioned proxi 
mate the tissue site 101 and covered with the drape 110. The 
wound healing apparatus 206 includes a hollow mat 208 
having an inner chamber 211 and a plurality of recesses 212 
disposed in proximity to a first surface 214 of the hollow mat 
208. An extendable projection 216 is positioned within each 
of the plurality of recesses 212 and is configured to extend 
from the recesses 212 when a pressure (p) within the inner 
chamber 211 is greater than a pressure (p) outside of the 
inner chamber 211 (e.g. in the recesses 212). The wound 
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healing apparatus 206 has a first configuration for promoting 
epithelialisation as shown in FIG. 4A in which a relatively 
smooth surface is presented to the tissue site 101. In a second 
configuration shown in FIG. 4B, the wound healing apparatus 
206 has a second configuration for promoting granulation in 
which a relatively rough surface is presented to the tissue site 
101. As previously described, the relatively rough surface 
presented by the extension of projections 216 induces micros 
trains and microstresses at the tissue site 101 which are con 
ducive to new granulation tissue growth. 
0056. The hollow mat 208 may be formed from a poly 
meric material and may be pre-sealed so that the fluid volume 
within the inner chamber 211 remains static during treatment. 
The hollow mat 208 may beformed with a plurality of sealed 
channels (not shown) disposed therethrough that extend from 
a second surface 215 to the first surface 214 to facilitate the 
transmission of fluid and pressure. The hollow mat 208 
includes the plurality of recesses 212 for housing the extend 
able projections 216. The extendable projections 216 remain 
sheathed within the recesses 212 when the pressure (p) in the 
recesses 212 is greater than the pressure (p) within the inner 
chamber 211. When the extendable projections 216 are 
sheathed as shown in FIG. 4A, the wound healing apparatus 
206 presents a sufficiently smooth surface to the tissue site 
101 to promote epithelialisation. In one embodiment, a suf 
ficiently smooth surface may have a surface finish of VDI 
(3400)<30. In the event the pressure (p) within the inner 
chamber 211 becomes greater than the pressure (p) in the 
recesses 212, the recesses 212 have one or more side walls 
240 configured to collapse or compress, thereby allowing the 
extendable projections 216 to extend from the plurality of 
recesses 212 and contact the tissue site 101. When the extend 
able projections 216 extend into the tissue site 101, a suffi 
ciently rough and uneven Surface is presented to the tissue site 
for promoting granulation. In one embodiment, a Sufficiently 
rough and uneven surface may have a surface finish of VDI 
(3400)>30. It should be understood that the extendable pro 
jections 216 may be any shape or size; for example the 
extendable projections 216 may be spikes, rods, pins, tubes, 
or other protrusions, etc. Additionally, the extendable projec 
tions 216 may be made from a range of low density polymers 
Such as a thermoplastic elastomer (TPE) and may have a 
range of compressibility or hardness such as 10°-100' Shore 
A. Low density polymers may be used so that the weight of 
the extendable projections 216 does not force the extendable 
projections 216 from the recesses 212 (i.e., due to gravity). 
0057 The wound healing apparatus 206 may further 
include a pressurization unit 218 for changing the pressure 
(p) within the inner chamber 211. In one embodiment, the 
pressure (p) within the inner chamber 211 may be changed 
using the pressurization unit 218 through pneumatic or 
hydraulic means. The pressurization unit 218 is fluidly con 
nected to the hollow mat 208 and may be placed adjacent the 
second surface 215. The pressurization unit 218 may be 
sealed beneath the drape 110 with a connecting tube 220 
extending through an aperture 222 in the drape 110. In one 
embodiment (not shown), the pressurization unit 218 may be 
placed outside the drape 110 and fluidly connected to the 
hollow mat 208 through an aperture in the drape 110. In 
another embodiment, atmospheric air could be Supplied to the 
inner chamber 211 when the reduced pressure is applied to the 
wound healing apparatus 206 thereby allowing the pressure 
(p) within the inner chamber 211 to be greater than the 
pressure (p) in the recesses 212. Alternatively, if the inner 
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chamber 211 is sealed as previously described, and the pres 
sure of air within the inner chamber 211 is at approximately 
atmospheric pressure, the application of reduced pressure 
beneath the drape 110 will result in an extension of the pro 
jections 216. 
0058. In operation, a health care provider may place the 
wound healing apparatus 206 proximate the tissue site 101 
and cover the wound healing apparatus 206 with the drape 
110 to create a sealed space 224 beneath the drape. In one 
embodiment, a manifold may be placed between the drape 
110 and the wound healing apparatus 206. The sealed space 
224 is then fluidly connected to a reduced pressure treatment 
device. Reduced pressure is supplied to the tissue site 101 at 
desired treatment levels. In one embodiment, the wound heal 
ingapparatus 206, or the hollow mat 208, is pre-sealed so that 
the level of reduced pressure supplied to the sealed space 224 
determines whether the wound healing apparatus 206 is con 
figured to promote granulation or epithelialisation, i.e., 
whether the pressure (p) in the recesses 212 is less than or 
greater than the pressure (p) within the inner chamber 211 of 
the hollow mat 208. In another embodiment, the pressure (p) 
within the inner chamber 211 may be changed by the pres 
surization unit 218. In this instance, both the pressurization 
unit 218 and the level of reduced pressure supplied to the 
sealed space determines whether the wound healing appara 
tuS 206 is configured to promote either granulation or epithe 
lialisation, or combinations thereof. In some embodiments, it 
may be desired to configure the wound healing apparatus 206 
such that granulation is promoted in one area of the tissue site 
while epithelialisation simultaneously is promoted at another 
area of the tissue site. This may be accomplished by only 
presenting projections or a rough surface to the tissue site in 
areas where granulation is desired. In those areas where epi 
thelialisation is desired, a smoother surface would be pre 
sented to the tissue site. 

0059 Referring now primarily to FIGS. 4C-4E, but still 
with reference to FIGS. 4A and 4B, the wound healing appa 
ratus 206 is further shown in alternative embodiments that 
include a flexible membrane 230 placed over the plurality of 
recesses 212 covering the extendable projections 216. The 
flexible membrane 230 may be bonded or similarly fixed to 
the hollow mat 208 and may be an elastomeric material that is 
hydrophilic or hydrophobic. A hydrogel-material may be 
included with the flexible membrane 230 for helping the 
flexible membrane 230 present a smooth surface to the tissue 
site 101 when activated by fluids. Microperforations (not 
shown) or valves may be present on the flexible membrane 
230 for aiding in the transmission of pressure and fluids. In 
FIG. 4C, the flexible membrane 230 is continuous and may be 
deformed by the extendable projections 216 when the pres 
sure (p) within the inner chamber 211 becomes greater than 
the pressure (p) in the recesses 212. The deformation of the 
flexible membrane 230 by the extendable projections 216 
presents a sufficiently rough and uneven Surface to the tissue 
site 101 for promoting granulation. In FIG. 4D, the flexible 
membrane 230 has slits coinciding with each extendable pro 
jection 216 so that when the pressure (p) within the inner 
chamber 211 is greater than the pressure (p) in the recesses 
212, the extendable projection 216 deforms the slits on the 
flexible membrane 230 allowing a portion of the extendable 
projection 216 to be in direct contact with the tissue site 101. 
In FIG. 4E, the flexible membrane 230 has flaps coinciding 
with each extendable projection 216. The flaps completely 
covers the plurality of recesses 212 when the pressure (p) 
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within the inner chamber 211 is less than the pressure (p) in 
the recesses 212. When the pressure (p) within the inner 
chamber 211 is greater than the pressure (p) in the recesses 
212, the extendable projection 216 deforms the flaps on the 
flexible membrane 230 allowing a portion of the extendable 
projection 216 to be in direct contact with the tissue site 101. 
The use of the flexible membrane 230 may aid the wound 
healing apparatus 206 in the epithelialisation configuration 
by helping to present a sufficiently smooth Surface to the 
tissue site. The flexible membrane 230 may be used with any 
of the disclosed embodiments for the wound healing appara 
tuS 206. 

0060 Referring now to FIGS. 4A-5B and specifically to 
FIGS. 5A and 5B, another illustrative embodiment of the 
wound healing apparatus 206 of FIGS. 4A, and 4B is pre 
sented. As presented, the wound healing apparatus 206 has a 
first configuration for promoting epithelialisation shown in 
FIG. 5A and a second configuration for promoting granula 
tion shown in FIG. 5B. In this embodiment, the extendable 
projections 216 have a telescoping configuration. The extend 
able projections 216 include a first section 236, a second 
section 234, and a third section 232. When the pressure (p) 
within the inner chamber 211 is less than the pressure (p) in 
the recesses 212, the first section 236, the second section 234, 
and the third section 232 remain tucked within the recesses 
212 presenting a smooth surface to the tissue site 101 for 
promoting epithelialisation. When the pressure (p) within 
the inner chamber 211 is greater than a pressure (p) in the 
recesses 212, the extendable projections 216 extend from the 
recesses 212 in a telescoping configuration for promoting 
granulation. In the telescoping configuration, the third section 
232 extends beyond the first surface 214 of the hollow mat 
208, the second section 234 extends beyond the third section 
232, and the first section 236 extends beyond the second 
section 234. 

0061 Referring now to FIGS. 4A, 4B, 6A, and 6B and 
specifically to FIGS. 6A and 6B, another illustrative embodi 
ment of the wound healing apparatus 206 of FIGS. 4A, and 
4B is presented. As shown, the wound healing apparatus 206 
has a first configuration for promoting epithelialisation as 
shown in FIG. 6A and a second configuration for promoting 
granulation as shown in FIG. 6B. In this embodiment, the 
plurality of recesses 212 have a bellows configuration. In the 
bellows configuration, the plurality of recesses 212 have one 
or more side walls 240 that may be either corrugated, com 
prised of a plurality of interleaved bends, or comprised of a 
plurality of furrows. The one or more side walls 240 are 
configured to collapse when the pressure (p) within the inner 
chamber 211 is greater than a pressure (p) in the recesses 212 
so that the extendable projections 216 may extend from the 
recesses 212 and into the tissue site 101. 

0062 Referring now to FIGS. 4A, 4B, 7A, and 7B and 
specifically to FIGS. 7A and 7B, another illustrative embodi 
ment of the wound healing apparatus 206 of FIGS. 4A, and 
4B is presented. As shown, the wound healing apparatus 206 
has a first configuration for promoting epithelialisation as 
shown in FIG. 7A and a second configuration for promoting 
granulation as shown in FIG. 7B. In this embodiment, the 
extendable projections 216 are connected to the flexible 
membrane 230 that may be an elastomeric material. When the 
pressure (p) within the inner chamber 211 is less than the 
pressure (p) in the recesses 212, the extendable projections 
216 are tucked inside the recesses 212 and flush with the first 
surface 214, presenting a smooth surface to the tissue site101 
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for promoting epithelialisation. When the pressure (p) 
within the inner chamber 211 is greater than a pressure (p) in 
the recesses 212, the flexible membrane extends beyond the 
first surface 214 pushing the extendable projections 216 into 
the tissue site 101 for promoting granulation. 
0063. The various configuration of wound healing appa 
ratus 206 illustrated in FIGS. 4A, 4B, 4C, 4D, 4E,5A,5B, 6A, 
6B, 7A, and 7B may, in operation, be subjected to reduced 
pressures similar to those described previously with reference 
to wound healing apparatus 106. Depending on the configu 
ration of the wound healing apparatus 206, a particular pres 
Sure or range of pressures may be used to alter a surface of the 
wound healing apparatus 206 adjacent the tissue site, thereby 
encouraging granulation or epithelialisation. 
0064. Referring now to FIGS. 8A and 8B, an illustrative 
embodiment of a wound healing apparatus 306 positioned 
proximate the tissue site 101 and covered with the drape 110 
is presented. The wound healing apparatus 306 may be used 
with a reduced pressure treatment system such as the reduced 
pressure treatment system 100 of FIG.1. The wound healing 
apparatus 306 includes a porous pad 332 and a plurality of 
granulation promoters 320 embedded within the porous pad 
332. The wound healing apparatus 306 has a first configura 
tion for promoting epithelialisation as shown in FIG. 8A and 
a second configuration for promoting granulation as shown in 
FIG. 8B. 

0065. The porous pad 332 may be made of a polyurethane, 
open-cell, reticulated foam such as GranuFoam R) material 
manufactured by Kinetic Concepts, Incorporated of San 
Antonio, Tex. The porous pad 332 has a first compressibility 
(C) less than, a second compressibility (C) of the plurality 
of granulation promoters 320; i.e., the porous pad 332 is 
softer than, and will compress before, the plurality of granu 
lation promoters 320. The porous pad 332 may help distribute 
any forces (e.g., body weight) applied to the wound healing 
apparatus 306 when reduced pressure is not applied to mini 
mize potential high pressure points at the tissue site 101 
caused from the plurality of granulation promoters 320. 
0066. The plurality of granulation promoters 320 may be 
any shape or size; for example the plurality of granulation 
promoters 320 may be spikes, rods, pins, tubes, or other 
protrusions, etc. The plurality of granulation promoters 320 
may be made from a range of polymers such as a polyure 
thane (PU), thermoplastic elastomer (TPE), or silicone elas 
tomer material and thus, the second compressibility (C) may 
have a range of compressibility or hardness such as 10°-100' 
Shore A. In a complementary fashion, the first compressibil 
ity (C) of the porous pad 332 may have a compressibility or 
hardness of <10'--100' Shore A, depending on the second 
compressibility (C) of the plurality of granulation promoters 
320 and the degree of granulation desired. Structurally, the 
plurality of granulation promoters 320 may be solid, perfo 
rated, hollow, etc., or any combination thereof. Additionally, 
the plurality of granulation promoters 320 may be bioabsorb 
able and may contain a hydrogel-forming material. In one 
embodiment, the porous pad 332 may contain a hydrogel 
forming material to promote epithelialisation as a liquid is 
introduced to the porous pad. The configuration of the plu 
rality of granulation promoters 320 (the shape and structure) 
may enable the transmission of pressure and fluid through the 
plurality of granulation promoters 320 as well as modify the 
compressibility of the plurality of granulation promoters 320 
depending on the material used. 
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0067. The plurality of granulation promoters 320 may be 
near a tissue-facing side 334 of the porous pad 332, and in one 
embodiment, the plurality of granulation promoters 320 may 
extend from a Surface 322 of a Substantially gas impermeable, 
flexible mat318 in a similar manner as described with refer 
ence to the wound healing apparatus 106 of FIGS. 2A and 2B. 
0068. The wound healing apparatus 306 may include a 
flexible membrane 330 positioned adjacent the tissue-facing 
side 334 of the porous pad 332. The flexible membrane 330 is 
sufficiently flexible to be deformed by at least a portion of the 
plurality of granulation promoters 320. The flexible mem 
brane 330 may be an elastomeric material. 
0069. The flexible membrane 330 may be deformed by the 
plurality of granulation promoters 320 when a biasing force, 
or other activation stimulus, is exerted on the porous pad 332 
or the substantially gas impermeable, flexible mat318 and the 
biasing force is greater than or equal to a threshold force. 
When the biasing force is greater than or equal to a threshold 
force, the plurality of granulation promoters 320 extend from 
the porous pad 332 or alter the tissue facing side 334 of the 
porous pad 332. In one embodiment, the flexible membrane 
330 may be deformed by the plurality of granulation promot 
ers 320 when the biasing force exerted on the plurality of 
granulation promoters 320 is greater than or equal to the 
threshold force. The biasing force may be in the form of 
reduced pressure Supplied from the reduced pressure source 
116 of FIG. 1. In a specific, non-limiting embodiment, the 
threshold force may be a pressure greater than or equal to 
about -125 mmHg. 
0070. The flexible membrane 330 may include microper 
forations (not shown) or valves that may expand under the 
influence of the biasing force. In one embodiment, the 
microperforations expand when the flexible membrane 330 is 
deformed by the plurality of granulation promoters 320 to 
allow for the transmission of pressure and fluids. The microp 
erforations may be positioned so as to coincide with each of 
the granulation promoters 320. A sufficiently smooth surface 
for encouraging epithelialisation is presented when the 
microperforations are closed or the flexible membrane 330 is 
in an unexpanded state. In one embodiment, using the Verein 
Deutscher Ingenieure (VDI) (3400) standard scale, a suffi 
ciently Smooth Surface for promoting epithelialisation may 
have a surface finish of VDI (3400)<30. In a specific, non 
limiting embodiment, the microperforations may be closed 
when the biasing force is at pressures less than about -50 
mmHg. Pressures in a range between about -50 mmHg and— 
about -125 mmHg may be sufficient to cause the microper 
forations to open and expand without causing the flexible 
membrane 330 to deform and the porous pad 332 to com 
press. When the flexible membrane 330 is deformed by the 
plurality of projections 120 and the porous pad 332 com 
presses, the microperforations may also expand to allow for 
the transmission of pressure and fluids. The deformation of 
the flexible membrane 330 and the compression of the porous 
pad 332 presents a rough, porous surface to the tissue site101 
for encouraging granulation. In one embodiment, a rough, 
porous surface may have a surface finish of VDI (3400)>30. 
0071. The wound healing apparatus 306 illustrated in 
FIGS. 8A and 8B may, in operation, be subjected to reduced 
pressures similar to those described previously with reference 
to wound healing apparatus 106. Depending on the configu 
ration of the wound healing apparatus 306, a particular pres 
Sure or range of pressures may be used to altera Surface of the 
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wound healing apparatus 306 adjacent the tissue site, thereby 
encouraging granulation or epithelialisation. 
(0072 Referring now to FIGS. 9A and 9B, an illustrative 
embodiment of a wound healing apparatus 406 positioned 
proximate the tissue site 101 and covered with the drape 110 
is presented. The wound healing apparatus 406 includes a 
granulation-promoting material having a hydrogel-forming 
material 408 in a least a portion of the granulation-promoting 
material. In one embodiment, the granulation-promoting 
material is a porous, reticulated foam 404. The wound healing 
apparatus 406 has a first configuration for promoting epithe 
lialisation as shown in FIG.9B and a second configuration for 
promoting granulation as shown in FIG.9A. 
0073. The porous, reticulated foam 404 may bean poly 
urethane, open-cell, reticulated foam Such as GranuFoam R. 
material manufactured by Kinetic Concepts, Incorporated of 
San Antonio, Tex. The porous, reticulated foam 404 has a 
tissue-contacting Surface 412 that is sufficiently rough to 
promote granulation. When moisture in an amount greater 
than the moisture content of the gel is presented to the porous, 
reticulated foam 404, the porous, reticulated foam 404 causes 
the hydrogel-forming material to moisten and expand, 
thereby altering the tissue-contacting surface 412 to be suffi 
ciently smooth to promote epithelialisation. The altered tis 
Sue-contacting Surface 412 presents a moist, Smooth Surface 
to the tissue site 101. The tissue-contacting surface 412 may 
include a base surface 416 and one or more side surfaces 414. 
In one embodiment, the hydrogel-forming material 408 
releases moisture in the presence of a reduced pressure 
greater than a threshold amount causing the hydrogel-form 
ing material 408 to shrink and the porous, reticulated foam 
404 to present a sufficiently rough surface to promote granu 
lation. In another embodiment, the hydrogel-forming mate 
rial 408 absorbs moisture in the presence of reduced pressure 
less than the threshold amount causing the hydrogel-forming 
material to expand and present the tissue-contacting Surface 
412 that is sufficiently smooth to promote epithelialisation. 
0074. In an embodiment where the threshold amount is a 
pressure of about -25 mm Hg, gauge pressures between about 
-25 mm Hg and about -125 mm Hg (and extending beyond 
about -125 mm Hg) may be applied to the space beneath 
drape 110 to promote granulation tissue growth. At these 
reduced pressures, a Sufficient amount of moisture from the 
hydrogel-forming material 408 is removed, causing the 
hydrogel-forming material 408 to contract, thereby exposing 
the rough surface of the reticulated foam 404 to the tissue site 
101. The rough surface promotes granulation by exposing the 
tissue site 101 to microstrains and microstresses. As the gauge 
pressure beneath the drape 110 is changed to be between 
about 0 mm Hg and about -25 mm Hg, moisture is absorbed 
by the hydrogel-forming material 408, thereby causing the 
hydrogel-forming material 408 to expand Such that a smooth 
surface is presented to the tissue site 101. The hydrogel 
forming material 408 retains the moisture even in the pres 
ence of the reduced pressure, which allows continued 
removal of excess exudate from the tissue site 101. 

0075 While a number of discrete embodiments have been 
described, aspects of each embodiment may not be specific to 
only that embodiment and it is specifically contemplated that 
features of embodiments may be combined with features of 
other embodiments. It also should be apparent from the fore 
going that an invention having significant advantages has 
been provided. While the invention is shown in only a few of 
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its forms, it is susceptible to various changes and modifica 
tions without departing from the spirit thereof. 

1. A wound dressing comprising: 
a Substantially gas impermeable, flexible mat; 
a plurality of projections extending from a Surface of the 

Substantially gas impermeable, flexible mat, each pro 
jection having a first end connected to the Surface and a 
second end opposing the first end; and 

a flexible membrane positioned adjacent the second end of 
at least a portion of the plurality of projections, the 
flexible membrane being deformable by the at least a 
portion of the plurality of projections when a biasing 
force exerted on the Substantially gas impermeable, flex 
ible mat or the plurality of projections is greater than or 
equal to a threshold force. 

2. The apparatus of claim 1, wherein the Substantially gas 
impermeable, flexible mat includes a plurality of channels to 
allow passage of fluids through the Substantially gas imper 
meable, flexible mat. 

3. The apparatus of claim 1, wherein the plurality of pro 
jections are hollow. 

4. The apparatus of claim 1, wherein the plurality of pro 
jections are bioabsorbable. 

5. The apparatus of claim 1, wherein the flexible membrane 
is hydrophilic. 

6. The apparatus of claim 1, wherein the flexible membrane 
includes a valve associated with at least one of the plurality of 
projections to present a smooth surface when the biasing 
force is less than the threshold force. 

7. The apparatus of claim 1, wherein the flexible membrane 
includes microperforations configured to expand as the flex 
ible membrane is deformed to allow for the transmission of 
pressure and fluid. 

8. The apparatus of claim 1, wherein the deformation of the 
flexible membrane presents a rough, porous Surface to the 
tissue site. 

9. The apparatus of claim 1, wherein: 
the flexible membrane presents a smooth surface to the 

tissue site when the biasing force is less than the thresh 
old force. 

10. An apparatus for promoting granulation and epitheliali 
sation at a tissue site, the apparatus comprising: 

a mat having an inner chamber and a plurality of recesses 
disposed on a first surface of the hollow mat; and 
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an extendable projection positioned within each recess and 
configured to extend from the recess when a pressure 
(p) within the inner chamber is greater than a pressure 
(p) in the recess. 

11. The apparatus of claim 10, wherein the extendable 
projection includes a telescoping configuration. 

12. The apparatus of claim 11, wherein the telescoping 
configuration includes a first section, a second section, and a 
third section, and wherein the third section extends beyond 
the first surface of the mat, the second section extends beyond 
the third section, and the first section extends beyond the 
second section when the pressure (p1) within the inner cham 
ber is greater than the pressure (p2) in the recess. 

13. The apparatus of claim 10, wherein the plurality of 
recesses includes a bellows configuration. 

14. The apparatus of claim 13, wherein the bellows con 
figuration includes at least one sidewall with a plurality of 
interleaved bends. 

15. The apparatus of claim 13, wherein the bellows con 
figuration includes at least one corrugated sidewall. 

16. The apparatus of claim 13, wherein the bellows con 
figuration includes at least one sidewall with a plurality of 
furrows. 

17. The apparatus of claim 10 further comprising a flexible 
membrane positioned to cover at least a portion of the plural 
ity of recesses. 

18. The apparatus of claim 17, wherein the flexible mem 
brane includes a plurality of microperforations. 

19. The apparatus of claim 10, wherein the apparatus is 
configured to present a rough surface to the tissue site when 
the pressure (p1) within the inner chamber is greater than the 
pressure (p2) in the recess, and wherein the apparatus is 
configured to present a smooth Surface to the tissue site when 
the pressure (p1) within the inner chamber is less than the 
pressure (p2) in the recess. 

20. The apparatus of claim 10 further comprising a pres 
Surization unit for changing the pressure (p1) within the inner 
chamber. 

21. The apparatus of claim 10, further comprising: 
wherein the mat is adapted to be positioned at the tissue site 

and sealed beneath a drape; and 
wherein application of reduced pressure to a sealed space 

beneath the drape results in extending the extendable 
projection from the recess. 

22.-69. (canceled) 


